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PURPOSE 


The purpews of this thesia wae to develop an accurate 
mathed of predicting air flow through woven fabrics of various 
materials and having varied eunstructions. The thesis ia made 
up of two phases. Phase I deals with verification of basic 
theory ao applied to wire mogh. Phase TT covers the same 
verification ae epplied to fabtries in general. 





THES 


The standard pressure drop across a fabric used to 
magure air flow is G.5 inches of water. Caloulating the 
velocity of guch a drop gives the following: 

Y= 2 gh 
yu (2)(322 ft.) 23! Lte 
OOCs 


SMe 
You 1.6) ft./sec. % Led tie /hizs 


With suck a lew velocity, tine ilow of aix through 
the fabric ie a viscous or streanline flow with no turbulence. 
Furthermore, the quantity; of air getting through is determined 
by the omallest area of each interstice. 

Assuxe a theoreticel] plane through the faorie which 
would pass through the saallest cross-ecctional area of each 
hole or interstices. If it were possible, accurately, to 
calculate the area of interstices in this plano, the result 
would be effective air space, cr that air space through which 
the air is paesing tc get from one side of the fabric to the 
other. Ageuning solid ends and picks, the air aan get through 
the fabric only by passing through these interstices. An 
accurate method is prusented herein to measure the 2 air space 
through this theoretioal plane, and a correlation of this & 
air space and air flow at the very low 0.5 inch drop across 
the fauric is also presented to support the above twory. 
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PHASE I 


Haterial 


The firet phase of testing wac done on twelve wire 
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APPARATUS 


The apparatus waich wae used is Fhase I of this 
thesis ie desoaribed in Research Paper No. 261 of the Surwau 
of Standards entitled, "A Portable Instrument for Neasuring 
Aix Permaability of Pabrica® by 3. Fe Schieffer. (Goo P. 10 
for illustration.) 

The fabric to be tested le mounted under slight 
tengion between the fabric orifice rings (diancter of opening 
2.75 inches, area of opening 5.94 square inches). The outer 
ring weighing tree pounds is pleced ever the fabric, acting 
ag a slight pretensioning device. The fabric is then held 
in place by maans of the clamp. Air is crawn throwh the 
fabric and through the calibrated air orifice by means ef the 
guction fan. The apeed of the suction fan motor which draws 
aix through the fabrie and the two chasbers is controlled by 
two rheostate; a high resistance one for rapid changes in 
opeed,y and a low resistance one for fine changes ar edjust- 
mente. The sancmaters are filled with a epesial oi], and 
enlincated with this oi] to read in terns of inches of water 
presente. The preaswmre crop acrose the fabric, measured by 
the inclined manometer waich hae a slope of 1 to 10, ts 
brought to 0.5 inch of miter by adjusting the speed of the 
Suction fan. The pressure drop serces the air orifices ig then 
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noted on ths vertical mavometer. The volume of air passing 
is calculated from this value and the calibration data of the 
orifice. The air pseameability of the fabric is expressed in 
qubie feet of air per minute per square foot of fabric at a 
pressure drop of 0.5 inch of water acress the fabric. 
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PRCCEUGRE 


The apparatus was get up ae shorn in the schemitic 
dlegran om Page |O,. <A especial sponge rubber ring of 2 inch 
thickness was placed under the beveled ring and the clamp ws 
then lowered inte place, the odjeet of the spenge rubber being 
to ingure that no air wia being drawn from around the eges of 
the mesh, It was imperative that this air tight arrangenent 
te made so that measuresent of air flow represented only that 
air coming throwh the fabric orifice iteelf. 

A fuyther variation of the basic muchine set-up was 
necessary to obtain the desired 0.5 insh crop across the mesh. 
The original fabric orifice had an area of opening of 5.9 
square inches, thia area being too great to affect tre desired 
pressure drop. To get the desired dep, special round paper 
orifices ranging from 0.5 square inches to 3 square inches (in 
inoremants of 0.25 square inches) were out from heavily rexed 
paper’ and clamped over the mesh being tested. 

Fite air Clow readings for each paper orifice on each 
mesh were taken. Average values wore then calculated for seach 
orifice on each of the twelve meshes. These data are recorded 
on Pages )4 through !7, sucmarised on Page 20, and eam in 
graptdcal fora on Pages 2> through 2G. The calibrated air 

fiows used were thoae of 6.05, 6.15, and 11.00 ma. diameter 
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asd a constant 6.5 inch Gup wa maintained across the meh. 

Saleulations vere then made > determine Shoe per cent 
a@ir gpece for each mesh based on the area of the lnierstices, 
Also, a correlation beteren per cent air space and air flow 
wae mace to forma basis for further investigation of actual 
fabrics of similar construction to that of the wire neshs 

Plota on Pages 25 through 3% wers made as fellows: 
average air flew for each mesh was the ordinate, while tha 
abecissa was paper orifice area, least squares equations 
were calculated as shown on Page’%% and the straight line 
plots were thus derived for each of the twelve wire seshes,. 
The plot on Page? 7 was made by serely transferring each of 
the twelve least squarsce lines to ome common graph, cach of 
the twelve lines being labeled tu show a speaific wire mughe 
To arrive at the plot on Page 3%, the air Slow values for gach 
of the twelve noshes wore picked off of the plot on Page 27 
for the 3 in® paper orifice, and these valuce were plotted 
against the per cent air space value corregponding to each of 
the twelve meshes. Thia gave trelve points from which to 
calculate a least squares line for the 3 in® paver orifice. 
Similar procedure was used to plot the 2 in® orifice line and 
the 1 in® orifice Line. 

The average equation was calculated from the data 
of the plot on Page3?. The 3 im’ line and the 2 in* line 
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were reduced to a cosmon base, the base selected seing 1 in®. 
Page 37 ahows the calculation froa which the average squation 
was darived. Plot on Paget was then mace of per cent air 
space vs. gir flow. 
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Ationg sor Fer Cent ip space 





The Sollowing false wae tuveloped for the calcula 
tion of per cent air opace through tie theoretioal plane. 
(1) Total Area =~ Ares of Mire @ Air Space Area 
Letiing tetal arsa = 1 square ineh 
(2) L in® = area of wire (in®) @ air espace (in*) 
This air space oan be expreseed in % by simply 
multiplying by 100. ‘Yo find the ares of wire, 
u6e the ence and picks per inch in which case 
the formula will read 


3) Ade Soace = 2 = (( Bade/dnch} {dian wire) + (Picks dlan.swire 
ay on See b= ew (india oon) (rigka/hnch) (dee 8) ; 


the (Snde/inch)(Picks/inch)(¢imme*) corrects for one 
of the two areas included at cach wire intersections 
Suing formile (3) to onleulate % Air Space of the 
& x &, .0260" dias. wire wesht 
(3) 2 = ((8)( 060) + (8)(.0260) ~ (2)(8)(.0260)2] = 
iL 43727 * 0.6273 or 62.735 Air Space 
“Stadler calculations were nade on ths other meshes, 
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Sazplo Calculations for Least Squares Squation 


Veing cnta for the 5 x & - .0260" lieeh ~ Jee plot Fage 
Ady Flow Total Area Orifice 





Tests in* x 
. an a ps4 
618 05 X5) 250 6.25 2,080 
1,142 (75 x g 3.75 1.06 
1,427 8 (160025) 5.0 25.00 79135 
1, 72k (1.25 x §) 6625 39 «05 P" 
2,088 eee ee 4 7050 ba25 15,600 
322 175 x5) Ge7S 76.56 
3,059 (2.25 x 5) 11.25 127.00 »500 
(2.50 P 4 5) 12450 520 
<¥ w 16,65) sXu 67,50 =K = 600.18 =i = 163,665 
SY es Me +bek SRY wack + BEX 
16,654 ho a+b a. 163,665 # a 6765+ b 600.38 
 w 16,65% = 6 9 ) 
(6705) (10,654 = 6765 ») = = (45)( 163,665 ~ 600.18 b) 
32 yQOD = 5 b = 7,350, 000 atl 27> QO0 5 
27,000 b= 4,550 b = Ts 350,000 = 1,260, 000 
2,450 b = 4070, 000 
im 


18,69; © k5 a + b 67.5 
a @ 16,65 = (271)(6 


a = 18,654 - 18,200 
a 


& ® 10.1 


Straight line equation y Fat bx 
least squares equation y = 10.1 + 271 x 
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Saxple Caleulations for least Squares 


Equation for plet on Page 
Using data for 1 in* crifice 





xe x x 


2 = 10 ep om Sggh «= asap «(ar 290 

* ° } 

Pe aT A aff0 rats 23e1bo 
nas || acon a0 1,690 fhe 200 6,420 
2k x2 307k 291 ly My lidd era) 
G « 50 37670 17% Lyla 30,376 G0 

120 x 1 3760 + Lali 29,2) 6,140 
oa ee rc ST 

x , My 734 1p 92 
ft 4 4 31.90 1,028 23,716 14, B80 

He Space Be00 “ lt C een 


SK bet ST ByhO9 ox" ah,914sr* $32,008 Sox 123,290 


SY oa Me+ dik ESM easy + dsr 
2.67 = ie a a 113,390 = pee a ~ ag 





gy 52he76s) & (3)1a, 90 « ~ » thy 36) 
3,0 @ 275,00% & 1,474,070 — 326,10 
41, 108» 161,070 


pa = 








& * leek y@art x 


y "12.3 + helx 
Sintlar caleulattienn for 2 in and 3 in® dete. 
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2 Calowlations - Cooffictont Correlation 


Vaing data for 1 in® Grifiee found on Page 


To ByIS & tout 
T= Be ow 09.9 








(2h, 3%6 = 21,218 ] ) 531,055 = 265,606 } 
yrs 13,655 — 
Y (3038 | 562,279 | 


{292,980,382 
Fi 
¥ = 0098 


Sistlay ealoulations wore wads for the 2 in® and 
3 in® Orifice data, 
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Calowlations fox Average iquation 


wesO Wit yw 








For i=. Ya 
3inQ@ oy w 2B + Le 19.2 752.2 
@ine oy # 3741+ B.5x 3702. 632.1. 
Lan® yy 1263+ helx 3203 320.3 


bividing Y values by 3, 2, and 1 respectively 
Yor; ZK Beg Ya ard 


Total ie 


Average 15.0 
For X # 70 Ye eh 


Tetal a 


Average 327.3 


y®a+ be 
15 © a + (4)(0) 
52769 Ba + (%)( 70) 
302.9 = 70b 
b@ he a= 15 


Averages iquations yo l5 + bode 
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The average equation derived from the plot on fage > 3 
{(y #15 + he} x) cam bo used ac the theoretionl formela fer 
the flow of air tiwough wire mesh having « range cf air apace 
between 30% and 705 with great accuracy. 

Assume the caloulated J air space to be hld. 
(Referring to the plot on rage38, the his value has the 
highest deviation from the leas’ squares lines and would repre- 
gent the maximum error for the wosh beiag tested.) The actual 
flow value for 1 in orifice of this L1f air space mosh, taken 
from the plot on Page 3? is 210 £t3/ft*/ain, The thooretion2 
flow teuen from the plot om Page + ois 191 £03/ctfein 

Using tho theerctical average equation as a check: 


@* 5+ 4.3 


¥ 
4 ad ae er (heajcany 
J = Will es ote fain, 
The per cent errors for thie mocimue deviation is: 


BOGUT = Ger = 9.98 
The anteal flow value for 2 in® orifice on the Lis 
air epace mesh io 415. The theoretical value would be 
2x 191.1 or B20 
5 crror « ge geet a g = ses © 8.68 


The actual flow value for 3 in® erifies on the his 
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air space mesh is 625. ‘The theoretical value would be 
3X 191.3 @ 573030 


& Error = cae = the = oe 

Taxing the everage & errcr it is found that the 
maximus error based on actual test conditions te 9.17%. Aa 
and ad suvported by the coefficients of correlation of 0.96, 
O97, and 0.96 for the 1 int, 2 in®, and 3 in® orifices 
plotted on fage3°, the chanows of error baling of this 
magnituce are slight. 

Since aaat Labrieg would not have more than 7O% adr 
space it is not nececsary to predict the slope of the curve 
of plet on Page t° bevond the 7Os point. However, there are 
many fnteies that will fell in the range from 0 to 30% air 
space, Looking at plot on Paget, the derived average 
equation line cute the Teaxis at 15. Actually, the flow at 
Of air space must be O. Thus, for theoretical calculations 
of airy flow, the dotted portion of the curve from Of to 30% 
eir space has been used. As shown, the deviation frou the 


atated before, tiie represents the maxkroui 





averace equation line is slight. 

In gumsing wo the conclusions af Phase I, it is now 
pousible to predict within very alight exror the flow of air 
through wire mesh ranging from 0: to 705 aix espace, Tt is 
proposed to apply this tasic equation ant the plot os Mage + ° 
to various fabrics in Phase Il. 
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PuASS IT 
INTRODUCTION 


As explained in ihe Theory on Page ©, an accurate 
method of caloulating ailz apace through the theoretical plans 
of the fabric is necessary. On Fage 2' ie given the formula 
used to calouwlate tiie aiy space for wire meghe Its use is 
most valuable ag applied to wire mesh, sines the dinaeter of 
the wire in the Usuretical plane is the acbual wire dlauote 
ag moagured by @ sot of calipers. Towevor, when paesing from 
wire mesh to falric, it is obviows that the clemetere of the 
ends and picks lying in the theoretical plans ef the fabric 
may be greater than the ciameters set up in the loom. There 
may ba @ flattening ont effect which would reduce air spaces. 
fnere say be some coating pub om the yarn te increase its size 
ox gome finishing or pressing process may have altered the 
effective area of interstices. 

Thorefora, 1% was necessary to derise sane method of 
calculating effective arwa in the thooretical plans fer fabrice. 
The projection of a cagnified mee of the fabric upon a screen 
was decided upon for this purpose, with a magnification of 250. 
I% wag four: that this cagnifieation gave a clear cut picture 
af the actual amount of air apace in the theoretical plane when 
the fabrics were projected onte the gereen. 
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The ealeulation of alr space cas be approached in 
om of two ways, eltner by taking the average diameter of the 
ende ani picks as aeen wider 250 macnifieation and using the 
formals develomet Sor wire mesh, or ter dwtermining the arcas 
if interatices themsgelvas, ag sean upon projection. The air 
passing through the Tauric te parni:ted to paes only through 
the intergtices show uncer oagnitication, providio 





ende and pieks are solid engagh in construction to shor wp as 
& solic cylinder under 250 magnification. This restriction 
precludes the possibility of ale passing through the yarn 
iteolt., In adccition to this restriction, it was necessary to 
selact fabrics whose interstices hac some seublance of 
unlforraity and regularity in order to get an accurate taasure 
of air space thrvugh the theeretical plane. 















At me 8 La A cue dee of 
wi veer oo ee eee ew oe & & ow 
i ei ee) 
ye SS Pl PO fe eo eS oe 
10 er owt ee ek ote) tote 
MgTeC (fee Ce) el eet oa) at ee matey 
wet 6 OE eR teger whe ry ot ee at 
me ® mete oe) ie es Ot Gee lee ow oedy om en 
Beewer tel tele: 2 eee etn wit 6 
mr et ered gies tHe ) 
4 cmememe cow 4) oenleiniens old af putdemne 63 
Yo ees hat one het emtcweins omer 
ee eee oe toy ee ee as ela ta 
—< comb, Leatoewat said Agere memes whe 3 
=—_ few * aS «wm & —_—— & 
= ewe os CS —- _ ae oe, 
mEnGse - Of = 
°° 2p=<@ « °° =e @ Le? « — ~*~ 
—— ae ke ye eras ee 
— (=) aa =~ © = ay * © 
~~ ———e © feo a ae 
-_— a © ——-— 7 
tae 





















































DAT URIAL 


the Secunac phase of testing was dene on seven 
fauries selected under the restrictions discussed in the 
introductica on Pagett+. No attest was made to determine 
she type of yarn, or weave, ox finish, oy any other physical 
aspect of the fabric. If the ends and picks appeared golid 
under 250 magnification and the interstices were regular and 
unitoma, che fabric was pul to the tout. Listed balow are 
the seven fabrics selected, with muuber uf ends and picks 
per ineh being the only identifying characteristic: 


Faorig © Zads/inch = Pica /Tneh 


1 5) 76 
rl 7 70 
3 76 120 
L 2 7h 
$ 51 LS 
6 27 26 
7 2k 22 
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The air permoadility machine was again used in 
Phage IT of this thepie. In addition, the projection micre- 
seope with a wagnification of 250 was used. The oye plows a 
eculay was 10% ani the objective lens was 12.5%. Oy properly 
adjusting the distance from the microscope to the gorecn upon 
which the isage waa projected, it was possitle to arrive at 
the 250 magnification. The lighting wae incident light frou 
a 500 watt micre-illuminator. The serven upen which the 
image wae projected waa graph paper with ten epaces to the 
inch, from which readings in tentas of inches could be read 
directly. 
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Perens 


PROCEDY 


To verify the soundness of the use of the projection 
system and to further support the correctiaces of the air space 
furmale as applied to the wire mesh, several cf the wire 
meshes were iret tested under srojection to obtain 7 air space. 
Five meshes wore projected under the 250 magnification, the 
diameters of onde and picks, and the lencths and widths of 
interstices wore measured (data on fages +1 and so). The 2 abr 
space wan then caloulated (eee Pages¢} and this 5 air spece 
was then compared with that found in Phase I (Pages7). 

After verification of the use of the srojeaticn 
method (see Page 57), the next step wae to place each of the 
seven fabrics under the projection apparatus. Since tne air 
space was so small compared ta the size of the ends and picks, 
and sines the field of vision was limited, the diameter of the 
yarns of fabrie #1 only could be measured. In audition, the 
lengtha and widthe of interatices of fabric 71 were measured. 
This data appears om Pages|. For fabrios 2 through 7, lengths 
and widths of interstices only were oaeagured. Fach reading wis 
teken with the faheie in a now position. Theso data appear on 
Pages s2 and<3. ‘The £ air space for each of the seven Sabeiogs 
man caloulatec an chum on Pages +. 
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After calculating the 7 air space for the seven 
Savrics, the air flow was seasured by placing each fabric on 
the air permeability machine and obtaining aixy flow at 0.5 inch 
drop by using four paper orifice openings, 1 in*, 2 in®, 3 in‘, 
and 59h in®. The air flow data for each of the fabrics 
appears in the Samary of Data on Pagess, a clot of the air 
flow versus paper orifice opening data (Tages >) was con 
sixucted for emoh fabric on the comolicated plot of rages CG. 
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Bire ean - yujection Ge taod 





interstice 
Magnified Nagnified dagaified 
Length ® fidt: * Viawetor * 
aed 302 Le? 
Ze 343 1.8 
Ze Bee 1.8 
206 Ze9 le? 
207 3.0 1.7 
Soa 3eh of 
Zol; 3.4 1.6 
ols of 1.9 
Zoli 2.8 de? 
246 303 1.7 
elk aed nee 
2.5 269 he 
Gee ae Le 
200 3e1 he 
206 303 Le 
ee 303 re 
Ze ae de 
Let 302 le? 
ee | 30h ie 
gen Le? 3.7 
48.8 62.1 3540 
2 oly" 3.14" Le 75" 
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Wire Mesh - fFrojeciion Ketsod 


Nagnified 
Length * 
Ox BR 
e075" Vive 
AY SRAGS 6.61" 


ACT ' 
TALUES a = 02h" 


18 « 18 
ATIRO2 3 Os 


VALUES 


2, x 2h 


a2 Ski a v4 re 
AY 2BAGS 6.28 


$e = solo 


ACTUAL 
VALUZS 


120 x 102 
e0035" Fire 
AVERAD. 1.164 


ACTIAL 
VALUES 


ragniiied #agnified 
Width 48 itametor © 
6.09" 2233" 


Soe © .02k 


7eGO" 


ae = L036" 


oO" 


aa = 284 


1.66" 


Stae @ 00938 


ive 74 


1 
gl = cago 


3007" 
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Fabrics ~ lrejeetion Nethed 


interstice 
Fatric #1 idagnifiod bagnified vagnitied 
6) x 7 Length * Width # iamates * 
a 2.6 2 eO 1.3 
2 Ze Zed ‘ 
3 Lek Cok he 
L 2.3 2.0 Lek 
5 Zeit Le? 1.0 
& Ze3 eG Led 
t Ze leT 1.5 
§ Zels 203 Leh 
9 2s La? oe! 
16 de? Lek LS 
pel 2oh 2.0 i 
p P4 Zeb 1.8 ded 
13 2.2 1.7 eS 
Ban Led is] 1.0 
15 Seu Leb 1.0 
14 268 1.8 1.3 
17 2e 1.4 dee 
1 220 2el Le3 
1S 200 ae? le 
20 205 1.8 Led 
21 29 Pe Lez 
Pe 3.0 2eL lei 
23 369 Zer le 
eae Zoli 202 Le 
25 Ze 2-0 1.3 
26 Ze 1.8 Lee 
2 246 1.9 Lek 
é Ze 2eG Lod 
29 Ze 203 12 
3X Zee Zev 15 
$1 Zel 1.9 1.0 
Zee 1s? Lei 
3 2.3 1.9 1-5 
2e3 2e3 
35 2.0 Zee Ld; 
265 20 ded 
Le? set Led 
19 1.9 de2 
240 200 deo3 
TOTALS 96.2 7705 50.6 
AVSRAGE 2)j05 169375 16265 
aes =, 009762" Bete *,.CO7TTS" ne #00518 
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Fabrics - frojection Mathod 


Fawric $2 Thx }O Faric #9 76x120 Fabric fh Gx Th 
| Magnified Interstices Magnified Interatices Maguified Interstices 
Reeacizys Length * Width " Length * Width § Length * Width * 


a Led heli 0.8 Os3 eZ Oe? 
2 200 1.3 Od 0.3 Led 006 
; he? Lely Lei Oe2 Le3 Ooh 
105 1.3 0.8 Qed led O07 
5 1.4 Le O79 Ok 1.2 Oe7 
3 1.6 Lel; 1.0 003 Lee 0.5 
7 Le? ° 0.7 03 Le 0.8 
8 1.6 103 Oo? Oco2 Lei Oe7 
9 1.6 Led 0.8 Dee 13 G6 
10 1.4 Lek Q.7 0.3 1.0 0.6 
i Lek; le 0.3 O02 Led O09 
22 200 de} 06 0.2 iO 0.5 
13 1.7 Le3 6.6 0.3 1.0 0. 
LU, Lei 1.3 G5 Ools LO 0.7 
15 1.3 17 0.9 0.3 ek Oo 
p Fa 203 ° 06 0 1.2 Oe 
a 220 Ld 0.9 0.3 Led 0.8 
| 2.0 1.5 0.6 0.3 Led 3 
a? 2e0 Led eS 0.3 Led Ge 
20 1e7 Led Gel Oo3 LeZ Oe 
22. 1e5 Le QF Oo3 Le2 Oe 
22 1.5 Le 0.8 ely Lee 0.7 
a deol 105 Oe7 Oe2 ded O65 
Le? OeT Oe2 deO Oe? 
25 ze0 dod 0.9 03 1G Oe 
26 de? 0.46 Qe, 1.0 0. 
| 1.6 Led re Q ise Oe? 
; 240 165 De 0.3 12 0.6 
ra ° 220 1.9 0.3 1.3 Gof 
30 166 he Oe? G2 2 Q. 
32 Ze 1.6 0.9 003 1.0 Oo7 
32 2e1 de? 1.0 Cols 13 Oe 
2 1.6 1e5 6.6 0.2 Lel 0.6 
2h; 1.6 Oe7 0.3 2.0 O07 
35 2.0 de Oe7 0.2 Aeld Oe 
36 Bel 1. 0.8 03 1.2 wi 
2,0 de? 0.6 O63 Lel Os 
ee Le 0.6 Oe2 Led O05 
; 2-0 1.8 re 0.3 1.0 OT 
220 Le? 0G, 0.3 Le2 0.7 
TOTALS T2e2 56.2 nee 11.5 L5ols 27.0 
AVERASE 1.805 LehkdSS 02075 1.435 0.675 
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Fabrics ~ Projection Method 


Fasrie #5 51x h5 Fabrice #6 27 x 26 Yabric #7 2h x 22 
Se . interstices as ae Magnified oar ae 


Readings Length Width  " Length Width * Length Width 


z 1.0 of 7e3 7-0 6.2 723 
2 105 oF 7.0 6.6 Te? 765 
: ° ’ 6.3 6.6 7.93 Ted 
lel; eo? Tee 6.7 8.3 700 
5 1.3 of Ted 720 &.2 705 
6 Le2 o? 70 6.6 78 Tol 
i 25 04 6.8 5.5 ToT 73 
Le o? 6.3 6.7 8.3 Ten 
9 1e3 of eo} 6.6 Te? Tol 
16 1.2 eo? 6.8 6.5 728 7.0 
id Led of 762 70 Tet 705 
22 ® oF 7e3 bell Te? Tob 
2 1.2 . Ne 6.5 ; “4 se 
3.3 eo Ted 609 .0 i 
16 Led of rr) be7 te? 705 
a7 le ° Tel Ge7 O62 7 
1g Le “7 7.0 6.9 8.2 703 
19 Led « Ge? 7.0 Teo Tez 
20 Le? oF 668 6.6 7S Te 
22, Le3 0 ° 625 Te? Jel 
22 1.3 of Tee 6.6 6.0 Te 
Re he 6 Tee 6.9 Te? Tee 
, Led 9 7.3 6.8 769 te 
25 13 e 7-0 6.7 8.2 705 
26 13 ° 6.8 6.7 &.0 700 
27 lel; e7 ey 6.9 73 
28 le o7 3 7.0 of 705 
29 1. 6 6.6 7.0 B.0 702 
30 13 9 Ted, 6.6 8.1 702 
3 Le2 Y Te 5.6 Te? Tei 
K 1.3 . 70 6.8 78 Tek 
31 le2 oF he 63 Te3 765 
13 of oD 709 &.2 Te3 
35 le} o7 Tea 5.5 &,1 75 
36 Lely a Tee 6.7 8.2 Tea 
37 1.5 9 6.8 6.8 728 T< 
38 5 e &o3 649 Te Tel 
4 le of Tet 6.8 8.0 7o3 
lel; o? Ted 6.7 Sel Tez 
TOTALS ShieG 3005 262.1 21002 329.8 271.3 
AVERAGE 1.37 07025 700525 66755 To99S T+2925 
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Sacple Caleulations 


1 (a) Air Space of Wire Meek by Projection Hethod 
Using data of 60 x 590 ~ 0070 tesh 
Tateratioe Length Intevatioe Width Wire Ulemeter 
OOD" 12! ft 7s 


ell? e124 ei 
Area of 1 interstice = (.0070)(.018) @ .0OOL2152 in® 
No. of interstices * (60)(50) = 3000 
-% aig space @ (00012152) (3600)(100) = 252468 
(b) Jaing formila msthod of Phage I 


a air space * 1 ~< ({60){ 070) + (50)( 0070) = 
(60)(50)(.0070)2) = 37.706 


2 (@) Air Space of Fabrice by Projection Eethed 
Vaing data of Fabrie #1 = 69 x 76 
Intersties Length Interatice Fidth Yara Dieester 
e762" oWO775" 


oD" 
Aven of 1 interstice # (.00262)(.00775) = .COOOTLESS ine 
Mo. ef interatioes = (67)(78) = 5382 
5 ete apace ® (COOOTKES)(5302)(100) # how13g 
(>) Using formela method of Phage I 


% ai space » 1 = ((69)( 0081) + (78)( 0052) = 
(69)(78)(.0092)* | = 39,0R8 
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Fabric Hoe 
and 


tir Soece_ 


fo. 1 
39 58% 
He 2 
27 oIT% 
HO» 

Sake 
Hoe b 
562% 
Noe 5 
Je 

Hoe 6 
530515 
Hoe 7 
LP 19% 


17h 


i7 


21 


2h2 


207 


729 


SRMARE OF DATA ~ ZAMRIGS 


Ady Plow in £t3/ rt®/ min. 


i in? 


Orifice Area 
2a% 863 at 
354 Shl 

365 
Ji 5k 
55 85 
LS 63 
1678 720 
LS 688 
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DISCIOSTON avr comanugromg « PHASE It 


The projection method egec on the five wire mochee 
to ealculate % air space gave regulls that were very nearly 
the same ae the results obtained in Phase I of this theals. 
Listed below ara the comparative values of % air apace: 

Table of % Aix Spnce Computed by Use of 


Method of rhase I 
Wire and Formula 





6O x 50 37670 

30 x 3 51.12 

16 x 18 42.02 

2h x 2h 39-7 39299 39 lah 
120 x LOL 37.50 3.17 38.87 


The favorable comparison of the use of the two methods 
(Formula and Projection) was sound basis for proceeding to test 
the fateies by the projection method. Listed below are the 
comparative values of actual Clow targugh the fabrics ae taken 
from Page>>, and the theoretical flow through the fabrisa as 
reac from the plot of Page+° (using the dotted theoretdoal 
ling between OG and 305 air space). 
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Fabric 1 in® cpening 2 in* opening 3 in® opening 5.9) intopenting 
cay Aste Laccxe te AGte ane orate Agte TAgorate AGke Theare ts 
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~~ OO UM FF Ww 


Li 
123 
17 
26 
21 
21,2 
207 





133 


i? 
28 
iy 
247 
225 


354, 36 
285 260 
31 3h 
55 56 
LS ¥ 
L76 LBa 
hs ss SO 


Die 
365 
yin 


&5 


63 
720 
688 


Caloulating the * error for 


Fabric #1 


Yatsic 


a oO wm & &S 8 


& 


‘ae 


hg - - 
390 - ~ 
Si 106 101 
154 166 
57 §=1ah 3 
7h. - - 
675 ~ “ 


2 ine & irror = 183 ~ 17h = 9% 

2iné £ Error = 366 = 351, = 3.3% 

3 ine Berar 2) aid © 1658 
+} 


Gimiler caleulationa for the other six fabrice were made. 
Tavulation appears below: 
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The (~) efter ths ¢ Urror denotve actual flv 
greater than theoretical flow. Fabric 75 seems to have @ 
consietent error in the alnug cirection which averages 12.3%. 
Fabric §S fa a parachute trpe fabric (see sample on Page &G) 
and appears to have received very little flattening of yarns 
as a result of the inter-lacing, consequently seems to be 
thicker. Perhans the air space (aroun? the yarns themselves) 
net lying in the srejectee theoretical plane is of gullicient 
wagnitude to pertait an sasier passage of air, a greater 
quantity of air, through the interstico. If this air space 
ware actually to be considered as a factor in oredicting 
theersties? low, the 2% aix space weuld then: bo higher with 
&® gorressondingly higher theoreticel air Tlew thaumgh the 
fabric. This would reduces the © error for Pabric #5, bringing 
the value cleser to 0. 

Calculating the average % error for the other six 
fabrics as a group gives a percentage of Li. This is @ emall 
per cont error and seama to be low enough to adequately support 
the Sasic theory advanced in this theais for predicting air 
flow. 

The seven fabrica were selected from a group of 
absolutely unknown structure, yarn count, finish, or type of 
yarn. As etated before, the only requisite was that the ends 
and pleke appear solid in structure and thet sone semblance 
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of regularity and uniformity of interatice be evident when 
viewing the fabric under 250 magnification. In other words, 
& fairly evecly constructed fabric was sclected. An accurats 
etlowlation of © air space through the theoretioal plane of 
the fabric can te made wilder this set of conditions. 
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GONGLUSIONS | got pragus 


The seunclugions of both phases of the thesis are 
auumrined as follows: 
inese I 

It ia poesitiua % predict within # very alight orro: 
the flow of air <twough wire mesh ranging from 30% to 70% air 
apace by the use of the average equation y = 15+ 4.3 x 
where y ® air flow in £t3/ft2/ain, and x = % air space. 
Phase LI 

With cartain restricted conditions iaposed on the 
selection of fantics, aumely, that the ende anc pleks of tae 
fabric appear solid umer 250 magnification and the interstices 
a@ppear unifora and pequier in their sise, it is possible to 
predict the air Slow through a fabeie by uging the plot and 
uverage equacion referred to above, subject to 4 small per 


cent error’. 
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S7aKSTIONS YOR FUTURE WORE 


The work deme in tiis thesia bas been privarily 
conserned wlth uniformly constructed fateies in tie senge thet | 
the interstices were all regular and of a rectangular or square 
ohare. The sext step would be t© investigate mere complex 
fabrics, insuring in each case that an accurate method of 
ealoulation of aiz space in the theoretical plane of the fabric 
has been used. A further sucsgestion is te use projection 
equismsnt with lower magnification and also project the image 
of the favrie onto & sereen so that several interstices (even 
for the more open faurics) can be sean. 

It seans desirable to inventigaie more thoroughly 
the region between 0% and 30% air apace, cince most of the 
ordinary fabries fall into this categery. To aid in this 
investigation porhaps soae finer wire mesh could be used. 
Another way to approach the preblem ia to actually construct 
a faieic uniformly and with a per 
air space by using a hand loom it is conceivadtle timt high 
twist mvlon, perhaps, could easily be used in suck @ con- 
sieustion to bring about the closest simile to wire tooh. by 
knowing the count of the nylon being used, and by using the 
air space formula derived in this thesis, the desired number 
of ends and picks to give a specific air space could be 
calculated anc then possibly woven on the loom 
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ABSTRACT FoR PUBLICATION 
> 





This thesis presente & sethod of predicting air flow 
through woven falrics of varique mitoriais and of varied 
constructions. A direct relationship between the air flow 
and the 2 air space through the theoretical plane of a faurie 
has Been developed. To accurately caloulate 5 air space, 4 

thod of projesting the fabric onto a soreen using very high 
magnification (250) was aged. Yinally, with the small pressure 
drop of O65 inch of weter isposed across the fabric (a factor 
milch denctes sliyveadiias, non=turbulent flow), and with the 
accurate calculation of alr space throug: the toeoreticoal plane 
£ the fabric, air Zlow oan bo predicted by wing a plot and 
or an average equation (ca formula) dewived in this theste. 









en ‘ 
here to be éfsnai@ casita’ > bul ew Ago 

wc) Ee wt ey chien mech b: smmctermlenas 
Seek 6 be ent Lintiweal) ou syswob cng we Ladb ioe 
See ee eee en . 
ee Te gi ume 6 be toes ed alte Ie | 
oummre, ilaek e A me leS ee ce (ORS) 
Time 4) Oe Had Meme Seseps TOT Aol & 
wu Abts ae vane). Ankioeatoom yuninninntts aoe 
nl, Leis ree ed Spo ste WA th cette aubees 
mo rdg 2 water w Paruubom 99 san mcd wis te ou 
pages: ee - om am 
— _ y 



























—— 











re et ee 

oo SEE =, Se 

a —_ > = — | ae Ss 

= — ——ESE—— °° —e oa > 
yt —* =e | 

- oem 7 « 

' — = o-« i an 

Pyne sh nto whos 


_——— ae 


































- me 
s 
~~ 



























































See ie! AURUAGNU ON Poon o 
t_| i] 1 _| & fie (i) As A i) 
Sen ry a PAU AU A a aT 
Rene = AC NU OVA A A a ae a 
ee ae Lit AP A a 
RES Dee SEPP LP eHheree 
| Fl » ¥ \ ie Bbehees PA a a 
oo. aT A EEE 
ae Tr TRU DUNT AT OVO ao 
on She TUNURONV ATAU AG toduys 
a8 fee ATVI AT IAs 
ae, Tau? ; PORE RERER EERE PEE 
TT nee THUR UAURT OTA yuna Ss 
a = rrovoTeper et nuyoayay 
ae vty | SPSREESREREREREOREE 
ee, ra ny PORERRSERSRSEREEER EE 

ya i wt TRU AVAL ELE TT aaa 

yi rant PTV Iii tri riyy 

ay WNW BRSRBEPRERERS EARS 

— ' x! t ‘ 









ji 


jaa nn 
2 - ws we oe 
21D aid one aS yon 

co re 


tog) 


TSB DEU EY 


Se ake ak 
. 


er tt ee Fer bee eee ae 


hehe te ye he be 


HH 

PH 
api is at % 
HHH 
Bettye 
apa3isit 
HHH 
He 


ror 
Tee er oe 


[ee ee 


ee er ee he ee ee ee eo ee 


Ca 


sts 


of 
BASIE SOE en ee ee Bs 


oe Oe Wr TT 
e 


Fr TET Tr oe or 
Aa 


reer 


as ae ae 


Cr se 
Ld 
ar er ee ee tee! bee bee 
7 


es ries 


Te) es aeree 





ja ae ee wel oF ae ee Be 
ive oe wee Oe eo aes 
55 Fh a nl ae el a a a 
Tee ea ae we ot ae ee & 
[a wel we oe ae ae oe ele 
Tee wa oe ae oe SS oe = 
ae a eet ole ae Se Bie wl 
Tus aa we oe Oe Se BE 
ye te | Oo ee Bh 
CoG we we Oe Ula oS Oe & 
"Tet Ee ee BL 
Coe at ae wees ae @ 
“Tete LAL EE EB 
Seeuewtae se ene = 
oi wie ae we ee we oe ee 


See e ee De ee Owen eee a 
sear ee Oe er eae ec e a & 

THe Hea heen eats 
SERCH GaP eee n Hea 
CPEs e ahaha ee«eaerae 
Wee ee hese See Cee Be 
Tae REP sree es ee eee 

LP eT a es 
TO 8 es Se oo Ge bie ha Oe Oe 

TTR ec oe Be ee ee ee ee 
CURDS Cee oe ee Be Ow & 
FURR ee ee ec ee eee he 
COs Oe ho os ee ee ee ee &, 
TRG ee Oe we ee Os me Qe 
CRS he He ha he oe eee 
RES es Beets ese ee 
CVSS esse ee ee ee ee 

RE R ae Sees ee hee ee 
CRAG T OTe Oe hese Oe eee 


Ha S Gis Sidisisediaeee s 
npanae ee eae etescaese 


| 
Ad 
2 


af 


TR RURURURUDR RRS ESR. 


aaa = 
‘a eS wai wh = 
1a oe’ a e's oS & 


@ 
#ase tei is aia 


e 
3 
» 
= 


(a sme 
ea wa S 2a 2's © 
7 


> --— - - 


— 


. 


Tete teak 


gpapegvaeveeteaeeere ss 


siseaeaegeerteF 
age eta eeeeeras ac eceve re ee 


se F a 


sae 


esaeeaeaevpevrveseaeaeeeeaeene ss 


seeeaseees eveaaeaee ease vere: 


PWeepeeteeae £2 es S. 


TCTRESOEREOLELEOSESL ESAS ELE SL ELS. 


sneaasaevae see eaeseeseevertere rer 2 














cw 


ayy weer bey 
“ fom nom wer aha ee : 
ae bee a 


——— 


. ¢re = - r 
erie eater et 


a Pear yen ere se as Cage er 


ap PELTEE TE PEE 

= Tory gid Aw AB AS 4 

(ees Teel nee hemes cm ci CT = 
(a rey 


po oe a yee 


s 
be a wag” is 
= vegan 
x pL mteny, ter eel beet di teal 
EET EE eRe gwen yetmgern ys 
RS YON YON GaN ge ae pe 


+ 
7 


~~... 











© ee, 





FABRIC Fi FAG RIC 4A 





=~ABRIC #3 FABRIC #4 


) 





FAGRIiIQ FS FAG RE. FG 





cn Bit 
: aa natn 
Hi 

ihe 





ts 
rae ites 
Mee hisath { Taba 
Ghicasialititit pitti 
potesetntih HH] 
Betti 


Hi 


i! 


{ht 3 Rel 
tik 





14 
H Stilt ane 
nit ER 


SE 











ty i 
Hitt 
zh 





ageTe 
ese 

a 
Vs a9 wawe pee oe 
na 


faa 
EHH 


Feed 5 oe! 


y 
i 


bal 





ve 
7 








Hi 


RH HRA tints tal peste 
ai Rit} ceca eh aa ea te 


tet 












aitrtcly ‘ 
Hee ade 
Hees His 
tel AGT 
Hoda 
Hi 




























ny Aeht 
repttyt 
fy if, i 


r 














j 
net 
rtate! ACG 
thet rt 
ie Ar 
t Hatt 





Hl J 
Ah ety! eH! 








a 


—n— my --- 
~~ * ~_—o me 
Sr = - ce 
= cr sad ool a 
he be) olden a le 
hh bee alla wl at : > == 
oer rcecenT, r=—Pres 
ef “Ore Cre scercerrrr= 
OE eal nk od ak i ol net nl cil chem 
crerery “- Pr rorre = 2-ee 


— = 


SL IR TOL ay al lead ead 4 gh ge 
ecrerercerre ‘om 








e +7 


FAS 








tt Te | pepe eee ee 
pieGee Cc nor CUeCec Leteusbeceles eswrepuaw 
POSOESLELELELEL LE ELE bebe meee 
BOBOEELULL LULL LEL LE LE Lh eh bebes 
BOSGSB CLE LL ELE Le bb be tebe 
BB UBEB. CLEC LELELL Lee be ® 
8 


BEER Be Qe i tee eb te be te te we 
BORHRH OLR LE LL RL ELL bY h BEE OER ERS UB UEREOER 


BE MGE COL LE LLCO L LL BR EDUC BR USOEEELE 
BEC DECC TE COSC SCC Sees neunseseanen 
ESEBES OL UCLU Ce eer ee ehhh. SRBOES ERS OSE SecE:E 


BUOECES eeelLeLletueLere Cora b eh SREBEGR 


RUETEBESeL eLUOb Ve LEE CULL Lt SRECES 
NerOmrerresmrerareyererererercn 2-7-1 7 | 


GSGEER CULL bi eee 

OOGGREGE —eebe oe ete be beh ~ BME Be seas taG 

BSCGESB ee Lee hh Slee ECSusususescsococs 
wove ve\ ES GCESESSG5EGHEaRC 








BSWESSSL OL eee ewe 
BOspeuel oo CL ee tet pt-pt tothe | 
OC SOS) we ee Re rl be he be BUGGESCuS BS wemere 
be ms ‘ ‘ es one eek te mo Ant 5 ce 
i sree tee we Le ert helo. ee ot eee 
| ae a a sy | ee A a me 
we tm he ee a de 

Cee ee ey a ——= eer Oe ES 
bw te ee Fe Se eS aide ean 
ee ero oe: a 3 = 

~ ‘= : Bm me beet baw eet hee a 


eee ae Nt Nae Nae ee 


Sa Se Sa eee 
- me et St ss ent Se SR, 


ha hae he tae an het hw tat Lay Sa ar at he te Set ht a 

Pebchiibiiloetloe ter some -_ ~ as Nod te to ws ban LF et 
Ma fae hae ba Bae hn thas se Ma he Se a ha es ee . Si te en 
Ba hc te ba te ba et ht ew te i 


Ae a ae a Wet hn ta a Nm ae ha te he mt em le a be be ts dtd 
Ae La Hage har St he Sa DT St eee at Na tt Tr tA had et men - peas Ln ee te fhe ht hn b 
hee he ha ce ea haw fe haw He Lane fee ta Sash Sat Le fet igs Sas ad Ha teat Nm a) MY Ser* Sat a es Nom mer So te rt a LJ CowoL eel 


Bone tw Bae a bee Nae eer han he har Lae ht ts Sew ee Sa Sane eet hat ee ee te re ei oe he Me anni Le te be ee 
ae he fase har fr das tear Lo bes he Rt Leo She ee a ee a ee task Ls eee 
tae Sage ba Soe ie Hee daw bee et Ls he wat iri tte be hr bs ed 
Phe tem tart beet bie we iw me ter b> as tons Gs an ST 
Sa ay ee Re ie tee wy ll I Lt ee 


hes fags be Shas haw Soe ha Shee tar ar ge See Sar ter Bat tat Sr hat et wr die te ae Ne fa ae BS aakcr be tke Gaal 
Pay yy ey ey as oy ee ee rey eee Sree tree ele at ben hs ben bn bee Sew bs sf 
[ ed er Srey opener ere rey oper srey er orer es rot Teves cK wel 


te SOMUREL ERLE Le Leb hue Leer Leh. SEMCSGAseRER CER 


i TO A Ais Se st tt tee Tow tea dh 
mtn de Oo ts et a te im bp COSCSS SCAG TATSS sa 








: 









t 
5 


i 





i) 
i ¥ 
|] ’ 4 
? . ay, : 4 
, 
: ’ 
i 
’ 
, 
‘ 
- : 


* 
t 
t 
‘ 
. 
= a - s : 





\ k be 


il 
‘ 





= 


| 








Thesis 12928 

L796 Longnecker 

G.2 Devel opment of a the- 
oretical formula for 
calculating air flow 
through woven materials 
under certain restricted 
conditions. 
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